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(54) Method of drying solid poly nier and drying apparatus 



(57) Drying of a solid polymer is disctosed in which 
a solid polymer obtained by polymerization (or a product 
of nrlodification of the solid polymer) is contacted with a 
drying gas so that any solvenl and/or unreacted polym- 
erization feed materials remaining in the solid polymer 
are removed to thereby dry the solid polymer, and in 
which a gaseous polymerization feed material is used 
as the drying gas and contacted with the solid polymer 
to thereby dry the solid polynner (step i). and the result- 
ant solid polymer is conlacled with a drying gas which 
contains an inert gas (step ii). The drying gas can be 
recovered from the step (i) and part thereof can be re- 
cycled through a polymerization step as it is or be recy- 
cled, after cooling the drying gas to thereby remove any 
condensed components, to the step (i). Not only caii the 
solid polymer be efficiently dried but also the solvent and 
unreacted polymerization feed materials recovered 
from the solid polymer can efficiently be recycled by the 
disclosed method. 
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Description 

The presen! invenlion relates loa method ol drying a solid polymer by removing any solvent and/or polymerization 
leed materials therefrom to thereby dry the same and a drying apparatus capable ol ellicienily perlorming the drying. 

The solid polymer obtained by polymerization generally contains unrcacied pclymerizaiion leed materials and 
solvents employed in the polymerization. For example, the powdery oleliri polymer (LLDPE) oblained by a vapor phase 
polymerization of ethylene and 1-hexene contains 1-hexene as a polymerization feed material, a diluent used in the 
polymerization, a.catalyst slurry solvent, etc. 

The above solid polymer containing unreacted polymerization leed material has the danger ol explosion at the 
lime ol molding or use thereof. Further, the diffusion of unreacted polymerization feed material and solvent contained 
in the solid polymer into the atmosphere is not favorable from the viewpoint of environmental protection. Therefore, it" 
is a common practice to subject the solid polymer obtained by polymerization to a drying step in which any solvent and 
unreacted polymerization leed materials remaining in the solid polymer are removed with the use of a drying gas. 

In the liquid phase polymerization such as the slurry polymerization or solution polymerization, the obtained polymer 
fluid is preliminarily dried by, lor example, the centrifugal separation or flash drying to thereby obtain the solid polymer, 
which is dried with the use of a drying gas as mentioned above. . . 

In the above drying of the solid polymer, air or an inert gas such as nitrogen is used as the drying gas. For example, 
Japanese Patent Publlcairpn No. 62(1 987)-4744l describes a method in which an olefin polymer is carried into a drying 
vessel with the use of a gas (inert gas) which is inert to monomers and contains substantially rx) oxygen and the 6lefin= 
polymer is counlercurrently contacted with the drying gas (inert gas) to thereby remove unpolymerized gaseous mon- 
omers from the solid olefin polymer while recycling part of the drying gas to the drying vessel. Further. Japanese Patent 
Publication No. 7(1 995)- 5661 proposed a method in which, in the drying of a polyolefin, a gas containing water is used 
as the drying gas to thereby carry out deactivation of the catalyst used in the polymerization simultaneously with the 
drying ol the polyolefin. 

Thus, the recycling of the drying gas (inert gas) to the drying vessel is known with respect to the drying of the solid 
polymer. 

In this connection, the inert g^s recovered after drying contains solvent and unreacted polymerization feed mate- 
rials, so that recycling of the inert gas to the reaction system would enable effective utilization of the solvent and 
polymerization feed materials. However, recycling of the drying gas recovered in the drying step as it is to the reaction 
system would cause mixing of a large volume ol inert gas in a polymerizer concurrently with the introduction of the 
solvent and polymerization feed materials, so that the inert gas which is not consumed by the polymerization reaction 
is accumulated to thereby lower the polymerization efficiency. This inert gas is withdrawn by blowoff of ail gases from 
the polymerizer. which is not only economically disadvantageous but also unfavorable from the viewpoint of air pollution, 
etc. 

Therefore, it is desirable to separate the solvent and/or unreacted polymerization feed materials recovered in the 
drying step from the inert gas before effecting recycling to the polymerization system, and it i? contemplated to perform 
such separation by, for exarnple, the super-cold separation or adsorption separation. However huge cost is inevitable 
in recycling the unreacted polymerization feed materials recovered by executing the above separation. Accordingly, 
the solvent and unreacted polymerization feed materials recovered from the drying step have occasionally been incin- 
erated or discarded without conducting separation and recycling. 

As mentioned above, the solvent and/or unreacted polymerization feed materials recovered in the drying step have 
ineffectively been disposed of, and the development of a method of effectively recovering and recycling them is strongly 
demanded from the viewpoint of effective utilization of polymerization feed materials and from the viewpoint of envi- 
ronmental protection. 

The present invention has been made in view of the above prior art. and the object of the present invention is to 
provide a method of drying a solid polymer, which method enables not only efficient drying of the solid polymer but 
also efficient reuilllzaiion of the solvent and/or unreacted polymerization feed materials recovered from the solid pol- 
ymer, and lo provide a drying apparatus capable ol efficiently carrying out the above drying. 

The method of drying a solid polymer according to the present invention comprises: 
contacting a solid polymer obtained by polymerization (or a product of modification of the solid polymer) with a 
drying gas so that any solvent and/or unreacted polymerization feed materials remaining in the solid polymer are 
removed to thereby dry the solid polymer, wherein said drying gas-contacting treatment comprlse3: 

(1) contacting said solid polymer with a gaseous polymerization feed material as a drying gas to thereby dry the 
solid polymer, and 

(ii) contacting the resultant solid polymer with an Inert gas-containing drying gas. 

It is preferred that a solvent and unreacted polymerization feed materials remain in the solid polymer to be treated 
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in Ihe step (t) in an amount of 20% by weight or less. 

Par! or whole o\ Ihe drying gas recovered from Ihe slep (i) can be recycled to a polymeri7allon step 
Pan of the drying gas recovered from Ihe step (i) can be recycled to Ihe slep (i). The dryinq gas recycled to the 
step (i) may contain hydrogen. . / 

The inert gas contained in the drying gas supplied lo the slep in) is. lor example, helium, nitrogen, argon, neon or 
a mixture Ihereol. and the drying gas may contain oxygen in an amount of not greater than 5% 

The drying gas supplied lo the step (ii) may contain gaseous or liquid water The drying gas may have a water 
conlentof 0.1 to70%by weighl. / mm y 

In the present invention, it is preferred that each drying gas be countercurrentlyconlacled wilh the- solid polymer. 
In Ihe above present invention, the drying gas recovered from the step (i) can be recycled to a polymerization step 
Alternatively, Ihe recovered drying gas can be cooled to thereby remove condensed components, followed by recvclina 
of part thereof to the step (i). ^. ^ 

The apparatus lor drying a solid polymer according to the present invention comprises: 
a drying vessel, 

a solid polymer supply port (b) disposed in the vicinity of a top of the drying vessel, 

a nrsl drying gas supply port (c) disposed in a posiilon below Ihe solid polymer supply port (b) lor supplying a firsl 
gas containing a gaseous polymerization feed materials, 

a first drying gas-discharging pori (a) disposed at the lop of the drying vessel for discharging the first drying gas 
which has been counlercurrently contacted wilh Ihe solid polymer, 
a second drying gas supply port (d) disposed in the vicinity of a boltorp of the drying vessel for suppling a second 
drying gas containing an inert gas, . ' 

a second drying gas collector D arranged within the drying vessel in a position between the first drying gas supply 
port (c) and the second drying gas supply port (d) for collecting Ihe second drying gas which has been counler- 

^5 currently contacted with the solid polymer, 

a recovery pipe line E extending from the second drying gas collector D to outside the drying, vessel for leading 
the second drying gas which has been collected by the second drying gas collector D outside the drying vessel and 
a solid polymer discharge port (e) disposed at the bottom of the drying vessel for recovering the solid polymer 
which has been dried by the countercurrent contact with the firsl drying gas and the second drying gas 

30 wherein the second drying gas collector D separates the inside of the drying vessel so that a zone for contacting 

the solid polymer with the firsl drying gas is defined above the second drying gas collector D and that a zone for 
contacting the solid polymer with the second drying gas is defined betow the second drying gas collector D. . • 

It is preferred that the recovery pipe fine E have a second drying gas recovering end positioned in the vicinity of a 
^5 lower part of the second drying gas collector D. 

The drying vessel is preferred to be a hopper-type drying vessel having a cylindrical body part provided at its top 
with a domed part and at Its bottorti with a hopper port having a reversed conical form. 

The second drying gas collector D may be.composed of a protrudent plate disposed p rot rudently from an inner 
wall of the drying vessel toward a center axis of the drying vessel, ihe above protrudeht plate having an opening at its 
center. r » • 

The protrudent plate may have an inverted conical or inverted polygonal pyramid form having an opening at its 
apex. Further, the protrudent plate may comprise a disc form body having an opening at its center and a cylindrical 
part which extends below from the vicinity of the opening. 

In the drying apparatus of the above structure, it is preferred that a ratio of D4/D1. in which D, represents an inside 
diameter of the cylindrical part and D4 represents a minimum inside diameter of the opening of the second dryinq qas 
collector D, range from 0.3 to 0.8. / » 

The second drying gas collector D may be composed of an umbrella shaped collecting member arranged in a 
center of Ihe drying vessel so as to provide a spacing between an outer peripheral part of the umbrella shap^ collecting 
member and an inner wall of the drying vessel. 

The umbrella shaped collector D may have the form of a cone, a polygonal pyramid or a disc. In the drying apparatus 
of the above structure, it is preferred that a ratio of Dg/D,, in which represents an inside diameter of the cylindrical 
part and represents a maximum inside diametei^ of the second drying gas collector D, range from 0.2 to 0.8. 

The drying apparatus may comprises a greater diameter part having an inside diameter 65 disposed between an 
cylindrical part having an inside diameter and a hopper part. It Is preferred that the above D5 be greater, than the 
above D, and that a ratio of D^/Dg range from 0.2 to 0.7. 

Embodlmenis of the invention will now be described by way of example only with reference lo the accompanying 
drawings, in which:- 
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1 'S a schematic d.agram showing a preferred embcdimeni of the method o( drying a solid polymer accordinq 
lo the present invRnlion which is performed by the use of « drying apparatus of the separate vessel type 
Fia 2 IS a scfiematc diagram showing an another embcdimenl of the method o( drying a solid polymer according 
to the present mvent.on. which is performed by the use of a dry.ng apparatus of the nonseparale vessel type' 
Fig. 3 IS » schematic explanatory view showing an unseparatc-type drying vessel in a preferred embodimerit of 
the drying apparatus according lo the present invention 

Fig. 4 is a schematic exptanalory view showing an unseparale-lype drying vessef in the other embodiment of the 
drying apparatus according lo the preseni irivention; and 

Fig. 5 is a schematic explanatory view-showing an unseparate-lype drying vessel in another embodiment of the 
drying apparatus according to the preseni invention. 

The method of drying a solid polymer and drying apparatus according lo the present invenlion will be described 
in aeiail below. 

In the present invenlion, (he term -polymerization.' is occasionally used lo collectively mean not only homopclym- 
enzation but alsocopofymerization, and the term "polymer' is occasionalfy used to coflectively mean not onlva homoool- 
ymer but also a copolymer. ' whiukwi 

(fVlethod o( drying solid polymer) 

The method of drying a solid polymer according to the present invention comprises contacting a solid polymer 
obtained by polymerization (or a product of modification of the solid polymer) with a diying gas so thai any solvent and/ 

or unreacted polymerization feedmalerials remaining in the solid polymerareremovedtothereby dry the Llidpo^ 
Further, in the present invention, the drying gas contacting treatment comprises: . ' k y ■ 

(i) contacting the solid pblymer with a gaseous polymerization teed material as a drying gas to thereby dry the 
solid polymer, and .-^ra , j > ^ 

(ii) the resultant solid polymer with an inert gas-containing drying gas. 

In the preseni invention, the solid can be lumps which do not reunite with each other and is especiaify preferred 
lo be powdery (including particulate form). k y k « 

In the present invention, although the polymer subjected to drying is not particularfy limited as long as it Is solid 
and also the polymerization method and polymerization feed materiats are not particularfy limited, the sofid polymer is 
preferred to be one produced from polyrherization feed material which can be used as the drying gas described below 
and. in particular, the polymerization feed material is preferred to have a boiling point ol rrot higher than 2(rC at the 

atmospheric pressure. 

o In® ^^^^ solid polymer is. for example, a pofyolelin. Suitable polyofcfins are pofymers derived from otefins having 
2 to 10. preferabfy. 2 to 6 carbon atoms. Examples of such olefins include ethylene, propylene. 1-butene 2-butene 
!hese olSins ^ "^^^ polyolefin may be any of homopolymers. random copolymers and block copolymers of . 

Specific exampfes of the polyolefins incfude homopolyethylene, high density polyethylene (HOPE), a copolymer 
of ethylene and another a-olefin such as linear low density polyethylene (LLDPE). homopolypropyiene a blocl^ poly- 
propylene and a random polypropylene. The above polyolefin comprising an olefin as a principal components 
contain an appropriate amount of comonomer component such as a diene. 

The above pofyofefin may be produced with the use of an appropriate common polymerization catalyst such as 
™ ?H^^'I' ^^•^'y^' °' P^'^'liPs ^3'afyst according to the customary potymerization method.. Wflh re- 

spect to the polymer produced by the liquid phase polymerization method such as the slurry or solutton method hdw- 
^!!^Tr.1r"r ^'^'"^k' "^"^^^ ^ the centrifugal separation. method, spray drying method or flash ^frying 
method to thereby obtain the solid polymer prior to the drying of the preseni invenlion • . 

or '^^^^ /^^ P'®^®"' mveniion is suitabie for drying the sofid polymer produced by the slurry polymerizallbn 

or vapor phase polymerization. ' y f y-iiontawu 

Ateo^ in the present invention, the product of modification of the above polymer can be subjected. to the drying 
This product is, lor example, a product of chforination, graft modification or mafeic conversion 

in J^' T^'^T' " ^''^ °« sotvent and unreacted polymerization feed materials which remain 

in the sofid pofymer to be subjected to the drying be not greater than 20% by weight. 

HK Tf °' ^'^"^ invention, a gaseous polymerization feed material is usedas a drying gas and contacted 
with the solid polymer in the drying vessel. 

The polymerization feed material employed as the drying gas preferably has a boiling point of not higher than 20»C 
at the atnraspheric pressure and is one having been used in the production ol the solid polymer When a pluraUty of 
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polymerization feed materials are copolymerized in the polymer production the drying gas may have (he same com- 
posmon as the polymerization feed nwterials althouoh at l^asl onn of Ihe polymerization feed materials may be used 

as the drying gas. - ^ 

_ VVhen one of Ihe ccpolymerization feed materials is used as the drying gas. the material having a low boiling point 

^ IS preferably used. For example, virhen an elhylene/1 -buleno copolymer is produced as Ihe sofid polymer it is preferred 
thai ethylene be employed as the drying gas 

In the above step (i), unreacled polymerization feed materials and sofvent employed in the polymerization which 
remain in Ihe solid polymer are purged and removed Irom Ihe solid polymer by the contact of the solid polymer with 
the drying gas and recovered together with Ihe drying gas. 
'0 In Ihe present invention, part of the recovered drying gas can be recycled to the, step (i). The recycled dr/inq qas 

(recycle gas) may hydrogen and other compounds used in Ihe polymerization. A tower boiling component of copoly- 
merization feed materials, for exampfe, ethylene may be newly added to the recycle gas before circulation 

Part or all of Ihe drying gas recovered from Ihe step (i) can be recycled to Ihe polymerization step When a copo- 
lymerization ,s carried out in the polymerization system, according to necessity; the recovered drying gas can be cooled 
to thereby elfect condensation so thai it is separated into nonvolatile components and volatile components before 
recycling to the copotymerlzatlon system! 

An inert gas is used as the diying gas supplied to Ihe step. (li). The inert gas is! lor exarV,ple. helium, nitrogen 
argon; neon or a mixture thereof. 

Although the drying gas supplied to the step (ii) may contain oxygen, it is preferred that the oxygen content of the 
drying gas be not greater than 5% by weight. 

The drying gas supplied to the step (ii) may contain gaseous or liquid water. The drying gas may have a -vrater 
content o( 0. 1 to 70% by weight, preferably. 1 .0 to 50% by weight and, still preferably. 2 0 to 40% by weight 

In the above steps (i) and (ii).of the present invention. It Is preferred that the solid polymer be countercurrently 
contacted with the drying gas. The above drying is preferably conducted at 40 to 120°C. especially 60 to IICC and 
still especially. 70 to lOO^C undera pressure of 0.0001 to 0.6 IWIPa. especially. 0.001 to 0 35 MPa and still especially' 
0.01 to 0.25 IVIPa. The apparatus cost would be lower when the pressure is over the atmospfieric pressure (0 01 MPa)' 
With respect to the dry.ng.time. It is preferred that. In the step (i). the duration during which the drying gas (gaseous 
polymerization teed material) contacts the solid polymer (residence time) range from 0.5 min to 5 hr. especially from 
1 niin to 3 hr, still especially, from 2 min to 2 hr and. further still especially, from 5 mIn to 1 hr In the step (ii) it is 
preferred that the duration during which the drying gas (Inert gas) contacts the solid polymer (residence time) range 
from 1 mm to 3 hr, especially, from 1 min to 1 hr. still especially, Irom 2 min to 30 rritn and. further still especially from 
5 mm to 20 min. 

Part of the polymerization feed nnaterial employed as ihe drying gas is polymerized in the above step (i) This 
pplymerization erprts polymerization heat which warms the inner part ol the solid polymer to thereby enhance deqassing 
effect with the result that unreacled polymerization feed materials (monomers) and solvent can effectively be removed 
from the solid polymer. AHhat time, the polymerizatibn feed material dissolved in the solid polymer also polymerizes 
so that the amount of pofymerization feed materials remaining in the solid polymer is more effectively reduced than \n 
the drying with the use of an inert gas. - ' 

Thus, the monomer removal ratio of the step (i) is higher than in the drying with the use of an Inert gas. so that the 
usage of expensive inert gas such as nltrogen can be reduced in the step (ii). 

The drying gas recovered from the step (i) contains substantially no inert gas. so that it can be directly recycled 
to the polymerization system without causing the problem of accumulation of inert gas in the polymerizatbn system 
Therefore, it is unnecessary to blow polymerization gas into the atmosphere in order to remove inerl gas from the 
polymerization system, so that the drying process of the invention can effectively recycle untreated gas and/or solvent 
and IS lavorable from the viewpoint of environmental protection 

The content of polymerization feed nraterials in the solid polymer to be dried in the step (ii) is reduced to a very 
low value, so that the danger of exptosion is low. Thus, the drying gas employed in the step (ii) is not needed to be 
expensive inert gas such as highly purilied nitrogen and may contain oxygen if the amount thereof is smaH. Therefore, 
the cost of the drying gas can be reduced. 

Further, when wafer is used In the step (ii). the metallic catalyst component andcocatalyst rerroining in the polymer 
can be inactivated, so that the reaction with a stabilizer used at Ihe time of granulation can be inhibited to thereby 
enable preventing pellet coloring. . . 

In the execution of the above drying according to the present invention, as long as it is feasible (i) to contact the 
gaseous polymerization feed material with the solid polymer and, thereafter, (ii) to contact the solid polymer with the 
inert gas, the step (i) and step (ii) may be performed in respective separated drying vessels (the separate vessel type 
apparatus) or may be performed in a single diying vesssel (the nonseparate vessel type apparatus). 

Although, for exampfe. the below described diying apparatus according to the present invention can be used as 
the above apparatus of the nonseparate vessel type, first, a prelerred embodiment of the method of drying a solid 
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polymer according to the present invention will be illustrated with reference to an execution using a drying apparatus 
of the separate vessel type including two drying vessels (hoppers) connected in series with each other as shown in 
Fig. 1. 

In the following description, for convenience, pofyofelin (LLDPE) is used as the solid polymer. 

Referring to Fig. 1, the solid polyolelin is led from an upper line 1 of a drying vessel A into the drying vessel A An 
olelin gas (carrier qas) IS led from a line la into the line 1. 

An olefin (lor example, ethylene) gas (drying gas) healed by for example, steam al a heater 3 is introduced Ihrouqh 
a lower line 2 into Ihe drying vessel A. 

In the drying vessel A. the solid polyolelin is counlercurrenily contacted with the olefin gas (step i) 

The solid polyolefin is discharged from a bollom of the drying vessel A through a line 11 and led Ihroudh a too of 
a drying vessel B into the drying vessel B. » 

On Ihe other hand, a recovery gas discharged through a top line 4 from Ihe drying vessel A is led through a cooler 
5 into a condenser 6 in which the liquid phase is separated from the vapor phase. Separated high-boiling-point com- 
ponent (comonorner) is recycled from the condenser 6 through a. line 10 into the polymerization system by the use of 
a compressor 9. Part of the gas (ethylene gas) is recycfed through a line 7 into the polymerization system while the 
other ethylene gas is recycled through a line 8 and, for example, the line la into the drying vessel A 

In the drying vessel S; the solid poVolefin supplied through the line H.from the drying vessel A is countercurrenily 
contacted with an inert gas-containing drying gas fed through a lower line 12 of the drying vessel B (step ii) 

The dried solid polyolefin is withdrawn through a line 13 from a bollom of the drying vessel B The drying qas 
discharged through a line 14 al a top part oF the drying vessel B is led IQ flare. 

The drying gas discharged through Ihe line 14 may be recycled to ihe drying vessel B. 

Fig 2 shows the other embodiment of the method of drying a solid polymer according to the present inventbn in 
which the drying is performed by the use of the below described single drying vessel (the nonseparate Vessel type 
apparatus) according to the present invention. In Fig. 2, the same numerals and marks as those in Fig 2 indicate the 
same parts or portions as those in Fig. 3. The. process of Fig. 2 is the same as that of Fig. 1 using Ihe above drying 
vessels A and B except that use is made of the drying apparatus of the nonseparate vessel type in which a vessel C 
is used. 

Althbugh the embodiment in which the polyolefin (LLDPE) as the solid polymer is dried has been described above 
It naturally in no way limit the scope of solid polymers which can be dried in the present invention. 

(Polynier drying apparatus) 

The apparatus for drying a solid polymer according to the present invention comprises a single drying vessel 
adapted to sequentially countercurrenily contact a solid polymer with a first drying gas containing a polymerization 
feed material and a second, drying gas containing an inert gas to thereby dry Ihe solid polymer. The above apparatus 
comprises: . '^'^ 

a drying vessel. . 

a solid polymer supply port (b) disposed in the vicinity of a top of the drying vessel, • 

a first drying gas supply port (c) disposed in a position below the sojid polymer supfjiy port (b) for supplying a first 

gas containing a gaseous polymerization feed materials, 

a first drying gas-discharging port (a) disposed at the top of the drying vessel tor discharging the first drying gas 
which has been countercurrenily contacted with the solid polymer, 

a second drying gas supply port (d) disposed in the vicinity of a bottom of the drying vessel for suppVing a second 
drying gas containing ari inert gas. 

a second drying gas collector D arranged within the drying vessel in a position between the first drying gas supply 
port (c) and the second drying gas supply port (d) for collecting the second drying gas which has been counter- 
currently contacted with the solid polymer, 

a recovery pipe line E extending from the second drying gas collector D to outside the drying vessel for leading 
the second drying gas which has been collected by the second drying gas collector D outside the drying vessel, and 
a solid polymer discharge port (e) disposed at the bottom of the drying vessel for recovering the solid polymer 
which has been dried by the countercurrent contacts with the first drying gas and the second drying gas. 

Referring to Figs. 2-5, ftie second drying gas coilector D separate the inside of the drying vessel C so that a zone 
for contacting the solid polymer with the first drying gas to thereby dry the solid polymer is defined above the second 
drying gas collector O and that a zone for contacting the solid polymer with the second drying gas to thereby dry the 
solid polymer is defined below the second drying gas collector D. 

It is preferred that the recovery pipe line E have a second drying gas recovering end positioned in the vicinity of a 
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tower part ol the second drying gas collector D. especially, positioned within the height of the second drying gas collector 

The above drying vessel C is preferred to be a hopper-type drying vessel having a cylindrical part 21 provided at 
Its top with a domed part 22 and at its bottom with a hopper part 23 having a reversed conical form 

In the above drying apparatus ol Ihe nohseparate vessel type, the residence time at each zone for contaclino 
(contact zone) can be determined by the formula: 

volume of each contact zone (m^)/feed powder volume velocity (m^/mln). 
In the above formula, each of volums and velocity are defined as follows. 

1 ) volume of zone In which the solid polymer contacts the first drying gas (m^): 

It is defined as an intemal volume (calculated under the assumption that a volume excluded by Ihe collector D ' 
does not exist) of the drying vessel which extends Irom the lowest end of the collector-D to polymer powder plane (its 
height is measured by a level gauge). Usually, it is deter-mined by the tormula: . 
sectional area of a cylindrical part (m2)/po(ymer height from the lowest end of collector D (m) 
The height ol polymer powder plane can be measured by the use of any of paddle type, tuning fork type, ultrasonic 
type, load celMype and radiation (gamma ray) type level gauges. 

2) volume ol zone in which the solid polymer contacts the second drying gas (m^): 

It is defined as an internal volume of the drying vessel which .extends below the lowest end of the collector D 
Usually, It is determined by the formula: 

volume of a cylindrical part which extends below the lowest end of collector D (rrP) + volume of a hopper part (m^). 

25 3) feed powder volume velocity: 

It is determined by the formula: 

feed powder weight velocity/bulk density. 
The second drying gas collector D may be composed of an umbrella shaped collecting member arranged in a 

^0 centerofthedryingvesselsoastoprovideaspacingbetweeniheouterperipheralpartoftheumbrellashapedcollecling 
member and an Inner wall of the drying vessel (See Fig. 3). . 

The umbrella shaped collector D may have the form of a cone, a polygonal pyramid or a disc 
The second drying gas collector D may be composed of a protrudent plate disposed protrudently from an inner 
wal of the drying vessel toward a center axis of the drying vessel, the above protrudent plate having an opening at its ^ 
* center (See Fig. 4). = a 

■ The protrudent plate may tiave an inverted conical or inverted polygonal pyramid lorm, each of which has an 
opening at its apex. Further, the protrudent plate may comprises a disciform body having an opening at its center and 
a cylindrical part vyhich extends below (rom the vicinity of the opening. ■ 

In Ihe hopper-type drying apparatus having a cylindrical part whose cross section is circular at its upper part as 
shown in Figs. 3 and 4, the hopper part (the dried polymer withdrawing part) arranged at the bottom of the vessel 
generally has a divergent angle of 20» to 70». preferably. 25» to 60» and, still preferably. 25" to 50° 

The collector D is preferred to have a divergent angle <I>2 of 20° to 1 20°. especially. 40» 'to 90° and. still especially. 
50 to 90**. 

When the collector has a sectional form as shown in Fig. 3. it is preferred that a ratio of D^D, . in which D. represents 
an inside diameter of the cylindrical pan and represents a niaximum inside diameter of the collector D range from 
0.2 to 0.8, especially, from 0.3 to 0.6 and. still especially, from 0.4 to 0.55. 

When h, represents the height from the dried polymer withdrawal port (e) to the second drying gas (inert gas) 
supply port (d) of the hopper part, it is preferred that a ratio of h,/D„ D, is the inside diameter of the cylJhdrical part 
range from 0.05 to 0.5. especially, 0.1 to 0.3. ' ^ ' 

Further, when hg represents the height extending from the lowest end of the cylindrical part to the first drying gas 
(gaseous polymerization feed material) supply fx>rt (c) and h3 represents the height extending from the lowest end of . 
the cylindrical part to the top of the collector D. it is preferred that a ratio of hg/hj range from i .0 to 2 0, especially, from 
1.1 to 1.7. . ^ ^ ^ J, 

Still further, when ho represents the height extending from Ihe towest end of the cylindrical part to the solid polymer 
supply port (b) and vi^hen 0, = Dg (Dg is the maximum inside diameter of the hopper part), it is preferred that ho/h, 
range from 2 to 20, especslly. from 3 to 15 and. still especially, from 5 to 10. 

When use is made of the collector D as shown In Fig. 4 whose minimum Inside diameter is represented by it 
IS preferred that D4/D1 range from 0.3 to 0.8. especially, from 0.4 to 0.6: 
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In Fig. 4, 4), and (^2 have ihe same value ranges as those ol the embodinnenl shown in Fig. 3, and hj, - and D 
- Dj have ihe same relationships (ratios) with each other as those in Ihe embodiment shown in Fig 3 ^ ' 
^ The drying vessel is not limited lo that having a shape oip, = and may have a shape of an em"bodiment shown 
in Fig. 5. The dtying vessel C ol the embodiment shown in Fig. 5 comprises a greater diameter pari 25 having an inside 
diameter Dj between an cylindrical part 21 having an inside diameter D, and a hopper part 23 the above Dc beino 
greater than Ihe above D^. s a 

In Ihe above drying vessel C. i( is preferred that the ratio ol the inside diameter Dl of the cylindrical part lo the 
inside diameter Dg of the greater diarheler part (D1/D5). range from 0.2 to 0.7, especially, from 0 3 to 0 6 

In Ihe drying vessel of D, * O5 in the embodiment, it is preferred that a ratio of average residence time at height 
ho to average (esidence lime at height hg range from 2 to 20. especially, from 3 to 15 and. still especially, from 5 to 10 

In Ihe drying vessel of D, * D5 of this embodiment, the greater diameter part of which D5 is greater than D 
However, in the present invention, a smaller diameter part ol which diameter D5 is smaller than D 'can be disposed 
between the cylindrical pari and the hopper part. i 

The configuration ol the collector D is appropriately selected Irom among those mentioned above Wherf it is 
desirable to realize a piston flow at a zone where the drying is conducted by the gaseous polymerization feed material 
in Ihe diying apparatus ol the present inyenlion, either the above angle 'S set at 20' to 40" or a baffle plate can be 
provided. However, the piston flow is not necessarily preferred in a zone where the drying is conducted by the inert gas 

The method of drying a solid polymer according to the present invention enables not only efficienlty drying the 
sow polymer but atso efficientfy recovering any solvent and unreacted polymerization feed materials remaining in the 
solid polymer and easily recycling (hem to the polymerization system or drying apparatus. . . 

Moreover, the use of the solid polymer drying apparatus of. the present invention enabfes efficientfy peilorminq the 
above solid pofyrner drying using a single vessel. 

The present invention will now be illustrated in greater detail with reference to the following Examples which in 
no way limit the scope of the invention. 

Exampfes 1 to 1 5 

The sofid polymers specified in Table 1 were dried and the results are given in Table 1 . 

Treatment results are shown as analytical results of high boiling point components (comonomer whose molecular 
weight is larger than that ol principal reaction olefin, solvent, etc.) contained in the polymer. 

Measuring method: Powdery polymer was extracted with rhethyl isobutyl ketone and Ihe extract was quanlitativelv 
analyzed by a gas chromatography 

In Examples 1 to 4 and 10 to 13. the drying was perfomied in accordance with the process of Fig 1 (apparatus of 
the separate vessel type). .... 

In Examples 5 to 9. 14 and 15. the drying was performed in accordance with the process of Fig 2 (apparatus'of 
the nonseparate vessel type). Referring to Fig. 3, the dtying apparatus of the nonseparate vessef type employed in 
Examples 5 lo 9, 1 4 and 15 is outlined by the foflowing values: 



<t), = 50'. (t.2 = 75» 
D, = 0.35 m. Dg = 0. 175 m. D3 = 0.075 m 

h, = 0.08 m. hg = 0:25 m, hg = 0. 175 m. 

The polymer height was measured by the use of a gamma-ray tevef gauge (measuring instrument comprising a radiation 
source which emits gamma rays and a detection lube capable of defecting the gamma rays). 

In each Examples 1 -15. as a result of conducting the drying of polymers using the apparatuses as shovm in Figs 
1 and 2. there was observed no contamination of an inert gas derived from the second drying gas (the inert gas- 
containing drying gas) into the recovery gas discharged through line 4. 

Moreover.intheproduclionof potymersinExamplesl-ISwithusingthedryingapparatusesof Figs. 1and2 loss 
of monomers (including comonomers) could be reduced lo approximately 40 by wei^t based on 100 of that in a 
production of polymers without using the drying apparatuses. 
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1 Ex.1 


Ex.2 


Ex . 3 


Ex. 4 


Ex . 5 


Solid polymer 

Type of polymer 
Polvmn. feed mat'l 


LLDPE (linear low density polyetl 
1 Ethvlene/l-hexnpnp " 


lylehe) • 


Polymn . method 
State of catalyst 

u I. X. ecu 


Vapor phase polymerization 
Solid 


MI (g/lOmin) 
Density (g/cm^) 
Powder bulk sp.gr. 
(g/lOmin) 
Powder particle 
size (iim) 


4.0 
0.920 
0.420 

1050 


4.0 
0.905 
0.380 

1150 


4.0 
0.920 
0.420 

1050 . 


Drying method 

Drying vessel 

Agitation in vessel 
Pressure in vessel 
(Kg/cm^-G) 
do. Temperature 
(^C) I 


non- 
separate 
no • ■ 
0.1 

85 


non- 
separate 
no 
0.1 

70 


non- 
separate 
no 
1.5 

85 


non- 
separate 

no 
. 0.1 

85 


separate 

no 
0.1 

85 


1st drying gas type 1 

do. Flow rate 
(Nm3/hr) 

do. Upper part res. 
time (m) j 
do. Lower part res. 
time (m) 


Ethylene (100%) 

20 
150 
30 


Ethylene 

/ H2 
(98%/2%) 
20 

30 

8 


Ethylene 
(100%) 

' 20 

150*1 

30 




2nd drying gas type j 
do. Flow rate 

(Nm3/hr) 


N2(100%) 
5 






Treatment results 1 

High b.p. component 
in dried polymer 


1-hexene + i-pentene *2 




Concn. at vessel | 
inlet (ppm) 


3000 


8500 


3200 


3000 


3500 


{ 


Concn. at vessel j 
outlet (ppm) I 


15 


130 


170 


700 


10 
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Ex.6 


Ex.7 


Ex . 8. 


Ex.9 


Ex.10 


1 Solid polymer 
Type of polymer 

i Pol vTTii^ ^*P*H mai" * 1 - 
1 fix/^yiiui* JL w^xA ■ Ilia v> M. 


LLDPE (linear low density 
polyethylene) 
Ethylene/ 1-hexnene 


LLDPE 
(ethy- 
lene/1- 
butene) 


HDDE 
(ethy- 

lene/ 1- 
hexene) 


Ipolymn. method 
State of catalyst 
at feed 


Vapor phase polymerization 
Solid 


hexaxie 
slurry 
polvmn. 


MI (g/lOmin) 
Density (g/cm^) 
Powder bulk sp.gr. 
(g/lOmin) 

size (|Jjn) 


4.0 
0.905 
0.385 

1250 


4.0 
0.920 
0.420 

1050 


2.0 
0.930 
0.440 

900 


8.0 
0.966 
0.450 

350. 


1 Drying method 

Drying vessel 

Agitation in vessel 
Pressure in vessel 

(Kg/cm^-G) 
do. Temperature 

(^C) 


separate 

done 
0.1 

70 


separate 

done 
0.1 

50 


separate 

no 
0.1 

90 


separate 

no 
0.1 

85 


non- 
separate 
done 
0.1 

115 


j 1st drying gas type 

do. Flow rate 
(Nm3/hr) 

do. Upper part res. 
time (m) 

do - Lower part res . 
time (m) 


Ethylene (100%) 

20 
150 *1 
30 


Ethylene 

/ H2 
(95%/5%) 

25 

150 *1 

30 


recycle 
gas*3 + 
ethylene 

20 

75*1 

15 


Ethylene 
/ H2 
(85%/ 
15%) 
150 

60 

15 


1 2nd drying gas type 

do. Flow rate 
(Nm^/hr) 


N2(100%) 
5 


N2+O2 
(96.5% 
3.5%) 
5 


N2+' 
Steam 
(90%10%) 
5 


5 


j Treatment results 

High b.p. component 
in dried polymer 


1-hexene + i- 
pentene *2 


1- 

hexene 


1-butene 

+ i- 
pentene 
*2 


n- 
hexane 
*6 


jConcn. at vessel 
inlet (ppm) 


9000 


9000 


3800 


1500 


35000 


[Concn. at vessel 
1 outlet (ppm) 


80 


1200 


20 


30 


10 
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Ex . 11 


Ex.12 1 Ex. 1.1 1 XA 




1 Solid polymer 
Type of polymer 

Polymn. feed mat*l 


homopol J 
propy- 
lene 
propy- 
lene 


block ' polypropylene 
propylene/ethylene 


iPolymn. method 
State of catalyst 
at feed 


Vapor phase polymerization 
hexane slurry 


MI (g/lOmin) 
Density (g/cm^) 
Ethylene content 
(mol %) 
Powder bulk sp.gr. 
(g/lOmin) 
Powder particle 
size (fim) 


7.5 
0 

0.480 
630 


1.5 
■18 
0.475 
700 


24 
17 
0.470 
650 


1 Drying method 

1 urying vessel 

Agitation in vessel 
1 Pressure in vessel 
(Kg/cm^-G) 
do . Temperature 


non- 
separate 
done 
0.15 

110 


non-sfeparate 

done 
2.1 

100 


sepa 

do 
2. 

It 


rate 

ne r 
.1 I 

)0 


1 1st drying gas type 

do . Flow 

rate (NmVhr) 

do. Upper part res. 

j do . Lower part res . 
time (m) 


Propy- 
lene 
(100%) 
25 

20 
5 


Ethylene. 
(100%) 

28 

20 

5. 


Recycle 
ga3*4 + 
ethylene 

2 

20 
1( 
5 


Recycle 1 
ga3*5 + 

ethylene j 

8 

*1 

y 


J 2nd drying gas type 
j do. Flow rate 


N2 
5 


N2 + H2O 
(62.5 %> 37.5 %) 
8 


j Treatment results- 

1 High b.p. component 
j in dried polymer 


n-hexane j 


j Concn. at vessel 
j inlet (mm) 


3800 


3300 


2700 


3500 


2800 


Concn . at vessel 
1 outlet (DPm) 


70 


25 


20 


15 


10 
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*1: Residence time in first purge vessel when use is made 

of an apparatus of the separate purge vessel type. 
*2: i-pentene: polymerization medium used at the. time of 

vapor phase polymerization. 
*3: recycle gas + ethylene: composition (96.3% of ethylene 

+ 2% of H2 + 2% of 1-butene) : 
*4: recycle gas + ethylene: composition (76.3 mol% of 

ethylene + 0.2 mol% of H2 + 2.3 .5 mol% of propylene) . 
*5: recycle gas + ethylene: composition (68.5 mol% of 

ethylene + 3.1 mol% of H2 + 28.4 mol% of propylene) . 
*6: preliminarily dried. 



Claims 

1. A method of drying a solid polymer which comprises contacting a solid polymer obtained by polymerization (or a 
product of modification of the solid polymer) with a drying gas so that any solvent and/or un reacted polymerization 
feed materials remaining in the solid polymer are removed to thereby dry the solid polymer, wherein said drying 
gas-contacting treatment comprises: 

(i) contacting said solid polymer with a gaseous polymerization feed material as a drying gas-to thereby dry 
the solid polymer, and 

(ii) contacting the resultant solid polymer with an inert gas-contairiing drying gas. 

2. The method as claimed in claim 1. wherein solvent and unreacted pplymerization feed materials remain In the- 
solid polymer to be treated in the step (i) In an amount of 20% by weight or less. 

3. The method as claimed in claim 1 or 2, wherein the drying gas is recovered from the step (i) and part or whole 
thereof is recycled to a polymerization step. 

4. The method as claimed in claim 1 , 2 or 3, wherein the drying gas is recovered from the step (i) and part thereof is 
recycled to the step (i). 

5. The method as claimed in claim 4, wherein the drying gas recycled to the step (i) contains hydrogen. 

6. The method as claimed in any one of the preceding claims, wherein said inert gas containing drying gas which is 
supplied in the step (ii) contains helium, nitrogen, argon, neon or a mixture, thereof as an inert gas and has an 
oxygen content not greater than 5%. 

7. The method as claimed in any one of the preceding claims, wherein said Inert gas containing drying gas which is 
supplied In the step (II) contains gaseous or liquid water. 

8. The method as claimed in claim 7. wherein the inert gas containing drying gas has a water content of 0. 1 to 70% 
by weight. 
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9. The method as claimed in any cne ol the preceding claims, wherein each drying gas is counlercurrently conlacted 
with the solid polymer 

10. An apparatus for drying a solid polymer which comprises: 

a drying vessel: a solid polymer support port (b) disposed in Ihe vlcinily ol a lop of the drying vessel' a first 
drying gas supply, port (c) disposed in a position below the solid polymer supply port (b) for supplying a first 
gas.containing a gaseous polymerization feed materials, 

a first drying gas-discharging port (a) disposed at the top of the drying vessel for discharging the first drying 
gas which has been countercurrently contacted with the solid polymer, 

a second drying gas supply port (d) disposed In the vicinity ol a bottom of the drying vessel lor supplying a 
second drying gas containing an inert gas, 

a second drying gas collector D arranged within the drying vessel in a position between the lirst diying gas 
supply port (c) and the second drying gas supply port (d) for collecting the second drying gas which has been 
countercurrently contacted with the solid polyrrier, 

a recovery pipe line E extending from the second drying gas collector D to outside the drying vessel for leading 
the second drying gas which has been collected by the second drying gas collector D outside the dryinc vessel 
and 

a solid polymer discharge port (e) disposed at the bottom of the drying vessel for recovering the solid polymer 
which has been dried by the countercurrenl contacts with the first drying gas and the second drying gas 
wherein the second drying gas collector D separates the inside of the drying vessel so that a zone for contacting 
the solid polymer with the first drying gas is defined above the second drying gas collector D and that a zone 
fdrcdntacting the solid polymer with the second drying gas.is defined below the second drying gas collector D. 

The drying apparatus as claimed in claim 10. wherein the recovery pipe lino E has a second drying gas recovering 
end positioned in the vicinity of a lower part of the second drying gas collector D. 



12. 



The drying apparatus as claimed in claim 1 0 or 1 1 . wherein the drying vessel is a hopper-type drying vessel having 
a cylindrical body part provided at its lop with a dohned part and at its bottom with a hopper part having a reversed 
30 conical form. 

.13. The drying apparatus as claimed In any of claims 10 to 12. wherein the second drying gas collector D is composed 
of a protrudent plate disposed protrudently from an inner wall of the drying vessel toward a center axis of the drying 
vessel, said protrudent plate having an opening at its center. 

14. The drying apparatus as claimed in claim. 13, wherein the protrudent plate has an inverted conical or inverted 
polygonal pyramid form, each of which has an opening at the apex. 

15. The drying apparatus as claimed in claim 13. wherein the protrudent plate comprises a disc-form body having an 
opening at its center and a cylindrical part which extends below from the vicinity of the opening. 

16. The drying apparatus as claimed in any of claims 13 to 15. wherein a ratio of D4/D,. in which D, represents an 
inside diameter of the cylindrical part and D4 represents a minimum inside diameter of the opening of the second 
drying gas collector D, ranges from 0.3 to 0.8. 



17. 



The drying apparatus as claimed in any of claims 10 to 1 2. wherein the second drying gas collector D is composed 
of an umbrella shaped collecting member arranged in a center of the drying vessel so as to provide a spacing 
belween.an outer peripheral part of the umbrella shaped collecting member and an inner wall of the drying vessel. 

so 18. The diying apparatus as claimed in claim 17. wherein the umbrella shaped collector D has the form of a cone, a 
polygonal pyramid or a disc. 

19. The drying apparatus as claimed in claim 17 or 18, wherein a ratio of D^/D^. in which D, represents an inside 
diameter of the cylindrical part and represents a maximum diameter of the second drying qas collector D ranaes 

55 from 0.2 to 0.8. ' 

20. The drying apparatus as claimed in claim 10 or 11. wherein the drying vessel comprises a greater diameter part 
having an inside diamet D5 disposed between a cylindrical part having an inside diameter D, and a hopper part. 
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the above D5 being greater than the above Di and a ratio o( D,/D5 being in the range Irom 0.2 to 0.7. 
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Fig.2 
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Fig.3 
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(54) Method of drying solid polymer and drying apparatus 



(57) Drying of a solid polymer is disctosed in which 
a solid polymer obtained by polymerization (or a product 
of modification of the solid polymer) is contacted with a 
drying gas so that any solvent and/or unreacted polym- 
erization feed materials remaining in the solid polymer 
are removed to thereby dry. the solid polymer, and in 
which a gaseous polymerization feed material is used 
as the drying gas and contacted with the solid polymer 
to thereby dry the solid polymer (step i), and the result- 
ant solid polymer is contacted with a drying gas which 
contains an inert gas (step ii). The drying gas can be 
recovered from the step (I) and part thereof can be re- 
cycled through a polymerization step as it is or be recy- 
cled, after cooling the drying gas to thereby remove any 
condensed components, to the step (i): Not only can the 
solid polymer be efficiently dried but also the solvent and 
unreacted polymerizalk^n feed materials recovered 
from the solid polymer can efficiently be recycled by the 
disclosed method. 
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D paw witWn the fixed time BmIL The preeem European March 

SS^SiS^b, .ST'i"? '»»^P«««o««H» European pat»rt appKeation wMch relate to me im/ention 
W«l mentioned n the claima, namely olaimt: 
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The Search Ofvisibn considers that the present European patent application does not comply with the 
requirements ol unity of invention and relates to several inventions or groups of inventions, namely: 

^ 1. .Claims: 1-9 , 

Method for drying a solid polymer 

2. Claims: 10-20 

Apparatus for drying a solid polymer 

Non unity a posteriori 

The cpimioh technical feature linking the two inventions is: 
a process for drying a solid polymer corr^irising 

(i) contacting said polymer with _a gaseous polymerisation feed material 
as a drying gas to thereby dry the solid polymer, and 

(ii) contacting the resultant solid polymer with an inert gas-containing 
drying gas. 

But since EP683176 discloses such a process for drying of a solid 
polymer^ the link between the two inventions does not exist any more.. 
Furthermore invention 2 is not limited to invention 1. 
Therefore there are two inventions/ 
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